Clinical and postmortem data were analyzed on 31 patients found at necropsy to have relatively pure emphysema Criteria were sought to distinguish electrocardiographic changes due to emphysema unattended by disabling clinical manifestations from those changes due to emphysema attended by chronic airway obstruction (CAO). None of six patients without clinical evidence of CAO had right ventricular hypertrophy (RVH). Two of eight with mild or questionable nondisabiing CAO had such hypertrophy, as had 16 or 17 with severe disabling CAO. Established criteria f a ECG identi6cation of RVH are too stringent to permit optimal use of this diagnostic measure in patients with emphysema and other chronic pulmonary disorders. Utilizing primarily a vectorial approach to the scalar electrocardiogram, we have derived six criteria which were found to be of assistance in predicting anatomic RVH from the ECG. These were rightward P vector, P-pulmonale, rightward initial, terminal and mean QRS vectors, and a posteriorly directed, horizontal QRS vector. ECG changes associated with emphysema in the absence of disabling chronic airway obstruction and pulmonary hypertension are limited to low voltage and perhaps "pseudo left axis deviation." Our data indicate it is emphysema attended by severe airway obstruction with accompanying pulmonary hypertension and RVH which, in the individual patient, produces some or all of the ECG changes listed here.
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he electrocardiogram should provide one of the Tmost convenient and readily available means for establishing the presence of right ventricular hypertrophy ( RVH ) secondary to pulmonary hypertension in chronic pulmonary emphysema. Yet only a small percentage of these patients with known cor pulmonale have electrocardiograms which meet the present established criteria for RVH. The remaining types of electrocardiographic changes have been attributed to the destructive changes in the lungs'-9 rather than cor pulmonale.
We have been curious as to whether the electrocardiographic changes supposedly due to pulmonary alteration in emphysema alone correlate with anatomic RVH and therefore might provide early supportive criteria for electrocardiographic RVH.
We have used a clinical-morphologic study of the heart and lungs in subjects found to have had relatively pure emphysema at necropsy to correlate the presence or absence of chronic airways obstruction (CAO) with evidence of RVH by electrocardiogram and postmortem cardiac findings.
Between 1959 and 1969, one or both lungs were obtained from 857 autopsied subjects over age 39 for special morphologic studies. These studies were as follows:
Pulmonary
One lung from each case was fixed in inflation by one of four methods: air dried with formalin fumes, Zenker formol, 10 percent buffered formalin, or isoosmolar buffered glutaraldehyde. They were then cut into 1 cm sagittal slices and carefully surveyed with the unaided eye, hand lens and stereomicroscope to estimate the extent of severity of anatomic emphysema, ie destruction of alveolar walls. The method of quantitation of emphysema used has been described and compared with other methods.10 The extent and severity of anatomic emphysema was divided into four categories: trace--0 percent-5 percent; milpercent-25 percent Mucous gland hyperplasia was used as our index of chronic bronchial disease, although other features of the bronchi, such as increased goblet cells, loss of cilia, inflammatory cell infiltration and squamous metaplasia were taken into consideration. Mucous gland hyperplasia was considered present when the Reid" index was at least 0.50 in sections from two different bronchi or 0.60 in at least one section.
Ten micron sections were studied for evidence of bronchiolitis. When more than half of all bronchioles seen showed lyrnphocytic infiltration, goblet cell metaplasia and mucous or mucopurulent plugging in areas without other evidence of acute pneumonitis, chronic bronchiolitis was considered to be present.
Pertinent clinical and physiologic information was obtained from the hospital charts and was verified and amplified by letters of inquiry to the nearest of kin and/or refemng physician. Chest x-ray films were reviewed. The clinical findings were interpreted independently without knowledge of the postmortem studies.
We defined CAO clinically as severe exertional dyspnea not explained by infiltrative or specific lung disease or nonpulmonary heart disease and associated with diminished breath sounds throughout both lungs. Confirmatory physiologic findings of impaired expiratory aidow was available in most cases.
All cases were classified into those with and without CAO. Those cases with mild or no CAO died of causes unrelated to pulmonary disease. Although most of the cases with CAO died of respiratory failure or cor pulmonale, the few who died of other causes had total disability caused by CAO as defined.
From these studies, we excluded those cases with diffuse infiltrative pulmonary diseases such as tuberculosis, silicosis, metastatic carcinoma, idiopathic fibrosis or those cases in which we failed to remove the lung intact due to pleural adhesions. All cases with coronary occlusions, systemic hypertension or valvular disease were abo excluded.
From the remaining cases, we were able to obtain 31 cases of relatively pure moderate to severe emphysema without significant airways disease. Seventeen of these had disabling CAO, eight had mild nondisabling CAO and six had no clinic evidence of CAO. The clinical, physiologic and morphologic data with regard to the lung are presented in Table 1 .
Cardiac
The presence of RVH at autopsy was determined by the RV thickness and by taking into account RV trabecular and papillary muscle hypertrophy as well as the presence or absence of RV dilatation. The weight of the right ventricle and its relation to the left ventricle plus septal weight utilizing the method of Bove and co-workers12 was used when these measurements were available. Unfortunately, these measurements were available in only ten patients. RVH was considered to be present when the mean RV thickness of the free wall was 5 mm or greater. If less than 5 mm thick and dilatation was present, the case was excluded since the influence of dilatation on the original thickness could not be estimated.
Electrocardiogrm
All electrocardiograms selected were taken within three months of death and during the most stable period of this time. No electrocardiograms were used that were taken during the terminal illness.
Utilizing a vectorial approach to the scalar electrocardiogram, the following ECG criteria were interpreted: ( 1 ) mean frontal P wave axis; ( 2 ) P wave height in leads 11, 111, aVF; ( 3 ) mean frontal QRS axis; ( 4 ) initial frontal QRS axis; ( 5 ) terminal frontal QRS axis; ( 6 ) mean horizontal QRS axis; ( 7 ) R/S in V,RorV,; ( 8 ) height of R waveinaVR and ( 9 ) presence of left axis deviation of "pseudo left axis deviation."
The P vector was considered abnormal if it was at or to the right of 70" in the frontal plane.28 A P wave amplitude of 2.5 mm or greater (P-pulmonale) was considered abnormal and suggested a diagnosis of right atrial enlargement or increased right atrial work. The initial frontal (0.02 sec) QRS vector was considered normal within the range of 330" (-30") to 60° and the terminal frontal (0.02 sec) QRS vector if it was between 300" ( -60" ) and 60'. Low voltage was considered present when the majority of the standard and unipolar leads contained QRS complexes which were 5 mm or less and the QRS voltage in leads V5 and Ve were 7 mm or less. Table 2 summarizes the electrocardiographic findings in the 31 patients. The cases are divided into three categories : CAO present ( group 1 ), mild nondisabling or questionable CAO (group 2) and no CAO (group 3).
Frontal Plane P Waue h i s :
In group 1, 16 of 17 electrocardiograms had a P vector at or to the right of 70". One patient had an ectopic atrial pacemaker. In group 3, three of eight had a P vector to the right of 70". All six tracings in group 3 had a P vector less than (leftward) 70". P Waue Height: Ten of 17 tracings in group 1 had a P wave of 2.5 mm or greater with characteristic peaking or gothic configuration. There were no electrocardiograms in group 2 and 3 with a P wave amplitude of 2.5 mm or greater.
lnitial QRS Vector: Nine of group 1 electrocardiograms had initial QRS vectors rightward of 60". All electrocardiograms of group 2 and 3 cases were within the normal range of 330" (-30") and 60". Terminal QRS Vector: Fourteen of 17 electrocardiograms in group 1 cases had a terminal QRS vector rightward of 60". In group 2, two patients were rightward of 60". In group 3 cases, all but one electrocardiogram was within the normal limits of 300" (-60" ) and 60".
Mean QRS Vector: Thirteen of 17 cases in group 1 had electrocardiograms with a mean CW axis rightward of 70". The range was 75" to 210" with ten being at 90" or more rightward. Three electrocardiograms had a counterclockwise direction and one had a figure-of-eight rotation. One electrocardiogram in group 2 had a mean axis of 80". The remainder of the tracings were at 60" or less ( leftward ) .
Horizontal Plane
Mean Horizontal QRS Vector: Fifteen of 17 cases in group 1 had electrocardiograms with a counterclockwise horizontal QRS vector posterior to 300" or clockwise anteriorly directed loop. Two cases in group 2 had unplottable axes ( ? ) and the remainder of the electrocardiograms in groups 2 and 3 had counterclockwise QRS vectors greater than (more anterior than) 300".
Left Axis Deviation
There were two cases in group 1 and three cases each in groups 2 and 3 with left axis deviation (LAD). Two electrocardiograms in group 1 and two in group 3 had "pseudo" LAD which is discussed later. The other four tracings were felt to be true LAD due to superior radiation block.
Correlation of Anatomic RVH
As noted in Table 3 , 16 of 17 cases in group 1 had anatomic RVH by one or both criteria. One case had only RV thickness recorded and this was borderline. In group 2, two cases met RV thickness criteria for anatomic RVH. These two cases had electrocardiograms that had rightward terminal QRS vector and P wave axes greater than 70". No tracings in group 3 met anatomic RVH criteria.
Although various authors have noted a particular electrocardiographic pattern in patients with pulmonary emphysema,'-9 our data suggests that some of the changes previously ascribed to emphysema per se could be due to anatomic hypertrophy of the right ventricle. Millardl" amved at conclusions similar to ours by utilizing right ventricular weights; however, his emphysema diagnoses were made by chest x-ray films without postmortem lung studies.
The common denominator in our emphysema patients with anatomic and electrocardiographic evidence of RVH proved to be disabling CAO. In cor pulmonale, anatomic RVH occurs in the presence of elevated RV pressures1"nd sustained pulmonary hvpertension. + -' Our data confirms the findings of CromieI4 which indicate no correlation between the severity of anatomic emphysema per se and the degree of RVH at autopsy. The probable sequence of events appears to be anatomic emphysema progressing to CAO which produces pulmonary hypertension with resultant RVH.
Spodick and associatesl"id not find a positive correlation between CAO and RVH in their emphysema patients with "normal" electrocardiograms. However, this was not an autopsy study and thus RV thickness and weight as well as lung morphology were unknown.
In our opinion, the electrocardiographic determination of RVH in patients with chronic pulmonary disease has been unreliable. This unreliability is due, we think, to utilizing the standard criteria for RVH which is too stringent. Most of the electrocardiographic criteria for RVH have been established in patients with congenital heart disease or mitral stenosis.21-2Whers have also found a poor correlation between anatomic RVH at autopsy and the standard electrocardiographic criteria for RVH.
This study illustrates several electrocardiographic criteria not now considered diagnostic that correlate well with the presence of anatomic RVH in patients with emphysema. Six of the following electrocardiographic criteria were frequently present (see Table 3 ) : ( 1 ) frontal P wave vector of 70" or greater; ( 2 ) P wave amplitude in leads 11, I11 or aVF of 2.5 m m or greater; ( 3 ) an initial frontal QRS vector ( 0.02 sec) rightward or greater than 60"; ( 4 ) a terminal frontal QRS vector (0.02 s e~) rightward or greater than 60"; ( 5 ) a mean frontal QRS vector of 70" or greater ("rightward for age"); ( 6 ) a mean horizontal QRS vector at or more posterior than 300" (transition zone between V4 and Vg or more leftward). Two of these criteria ( 1 and 6 ) were almost always seen when anatomic RVH was present.
In most normal adults 40 years of age or older, the mean frontal P wave axis does not move more rightward than 70" and usually is less than 60O.28. 29 The youngest patient in our study was 44 years of age. A rightward and inferiorly directed P vector (60" or greater) has been ascribed to emphysema or other pulmonary disease per se because of positional changes of the heart in the chest cavity.3*."*8*31 None of our six group 3 emphysema cases without CAO had a P vector rightward of 65" and this correlated with the lack of anatomic RVH. Although Spodick and co-workerslg noted a correlation between the severity of CAO and verticalization of the P axis, Millard13 in his autopsy-correlated study noted that the P vector was of no value in determining the presence of RVH in emphysema patients. Our frequency of "P-pulmonale" ( P wave height 2.5 rnrn or greater in leads 11, I11 or aVF) is in sharp contrast with the results of others.7.lQ926 We feel that within the context of chronic pulmonary disease, this finding is an expression of increased right atrial work suggesting the presence of RVH and not due to rotational changes of the heart. Others have refuted the suggestion that tall peaked P waves depend on cardiac rotation.32.33 As noted in Table 2 , ten of 17 cases with CAO manifested ("P-pulmonale") whereas no patients in groups 2 or 3 had this P wave pattern. Wood32 noted no relationship between P wave height and right atrial pressure, but some correlation between the height of the P wave and RV pressure. Spodick and coworkers19 noted P-pulrnonale correlated best with increased airways obstruction, a finding which our data confirms. We therefore feel that P-pulmonale, when present, suggests RVH, not emphysema alone.
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In the normal adult population, the initial frontal QRS vector ranges between 330" and 60°.* Over half of our cases with definite CAO (group 1) and anatomic RVH had this vector directed rightward of 60". None of the cases with questionable or mild nondisabling (group 2) or absent CAO ( group 3) had an abnormal initial vector.
The terminal frontal (0.02 sec) QRS vector in the adult usually ranges from 300" to 60°.* As RV work increases and RVH develops, the mid and especially the terminal QRS forces rotate rightward in the frontal plane, but either posterior or anterior in the horizontal plane. In this study, the horizontal component was almost always posterior. There was a good correlation of 14/17 terminal QRS vectors beyond 60" when RVH was present as in group 1. Two of eight cases in group 2 with terminal vectors rightward of 60" were found to have anatomic RVH (see Table 3 ) . All others without RVH had normal terminal frontal vectors. One case in group 3 without CAO or anatomic RVH had a terminal 0.02 sec vector of 65".
A mean frontal QRS vector in an adult population over age 40 at or to the right of 90" is considered by many to be right axis deviation (RAD) and indicative of RVH.26 Our study suggests a less marked degree of inferior clockwise rotation such as 70" is suggestive of RVH since 13 of 17 in group 1 were 70" or greater. There were 8 of 17 who had mean clockwise axes of greater than 90" and 5 of 17 who had mean axes between 70" and 90". Four of 17 had counterclockwise loops or figure-of-eight loops. Our data therefore is at variance with those who regard a frontal QRS axis that is "rightward for age" or true RAD as indicative of emphysema alone due to verticalization of the heart.' We agree with Millard13 and Schamroth34 who feel the presence of RAD in emphysema is a manifestation of RVH. The one case in group 2 had an axis of 75" and had anatomic RVH as well as an abnormally rightward terminal QRS vector and rightward P wave axis.
An abnormally posterior horizontal vector at or posterior to 300" was not noted in either groups 2 or 3 even in the presence of 2+ to 3+ emphysema. Since all but two in group 1 with anatomic RVH had this abnormally posterior horizontal vector or an anterior clockwise loop, we again believe this electrocardiographic finding relates to anatomic RVH and not rotational changes due to emphysema alone. An R/S ratio equal to or greater than one in right precordial leads was noted in only five patients in group l. Thus, this standard criteria for RVH in the horizontal plane was present in less than one third of the cases with CAO and known anatomic RVH. It would seem that posterior rotation to 300" or beyond correlates better with anatomic RVH in emphysema.
Although LAD would not be unexpected in emphysema patients because of their age, some of our cases represented "pseudo LAD"36 or "axis illusion" phenomenon,3,8 indicating a QRS axis near 270" with a counterclockwise loop in the frontal plane. In these tracings, the R wave in aVR is nearly equal to or greater than the height of the R in aVL. In this study, two tracings in group 1 and two in group 3 met these criteria. Neither of the two in group 3 were cases who had anatomic RVH. These limited data suggest that "pseudo LAD* is more related to emphysema per se than to RVH.
As mentioned before, it has been presumed that emphysema alone with or without CAO may produce electrocardiographic changes. These changes have been ascribed to a low, flattened diaphragm; a verticalization of the heart; and disturbances in the transmission of the electrical potential of the heart due to the intervening emphysematous lung tissue. The only electrocardiographic changes we can attribute to anatomic emphysema is low voltage and perhaps "pseudo LAD." 
